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Diaphragm pacing (DP) by phrenic nerve stimulation is a modality of chronic ventilatory support in individuals with congenital central hypoventilation
syndrome (CCHS). We report a 9-year-old girl with CCHS who uses DP without tracheostomy during sleep. Her parents report hypoxemia and hypercapnia
related to positional changes of the body during sleep requiring frequent adjustment of pacer settings. Overnight polysomnography was performed to titrate
DP settings that showed adequate gas exchange in the supine position, but intermittent hypoxemia and hypercapnia were noted in the left decubitus
position without obstructive sleep apnea occurring. Subsequently, the DP amplitude settings were increased during polysomnography, thereby identifying
and treating positional hypoxemia and hypercapnia in various body positions. Our case emphasizes the importance of polysomnography in children with
CCHS using DP to monitor for sleep-disordered breathing and titration of DP settings to achieve optimal oxygenation and ventilation with different body
positions during sleep.
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INTRODUCTION REPORT OF CASE
Our patient, now 9 years of age, was born at term via normal
vaginal delivery. Intermittent desaturations developed after
birth, requiring hospitalization for 1 week and the patient was
treated with caffeine. At 2 years of age, a pneumonia that
progressed to respiratory failure developed in this patient,
requiring intubation and mechanical ventilation. Several at-
tempts to wean ventilatory support were unsuccessful with
resultant hypercapnia and hypoxemia. PHOX2B gene mutation
analysis showed a 20/25 polyalanine repeat mutation confirming
the diagnosis of CCHS. Tracheostomy was performed and she
was discharged home on PPV via tracheostomy during sleep.
At 5 years of age, the patient underwent placement of elec-
trodes on the cervical phrenic nerves for DP and receivers
were implanted on the lower lateral chestwall.At 6 years of age,
when she was using DP throughout the night, she underwent
tracheostomy decannulation following adenotonsillectomy.
Periodic echocardiograms and Holter monitoring were nor-
mal. The patient does not have Hirschsprung disease or
neurocognitive delays.
Our patient uses DP during sleep with continuous pulse
oximetry and capnography using an end-tidal carbon dioxide
monitor. Her parents reported hypoxemia and hypercapnia
when she moved between supine and left decubitus posi-
tions in sleep, requiring frequent adjustment of pacer set-
tingswith each position change. DP settings during sleepwere
rate 14–17/min, right amplitude 2.0–2.7 V, and left amplitude
2.0–2.4 V. Clinical history was negative for snoring dur-
ing sleep. Physical examination showed weight of 29.3 kg
Congenital central hypoventilation syndrome (CCHS) is 
a rare genetic disorder caused by a mutation in the paired-
like homeobox 2B (PHOX2B) gene. CCHS is character-
ized by hypercapnia and/or hypoxemia that is worse during 
sleep than during wakefulness. Typically, the gas exchange 
abnormalities are worse during non-rapid eye movement 
(NREM) sleep but may also be abnormal during rapid eye 
movement (REM) sleep and during wakefulness. Individ-
uals with CCHS require lifelong assisted ventilation that 
can be provided by positive pressure ventilation (PPV) 
via tracheostomy, noninvasive positive pressure ventila-
tion (NIPPV), and/or diaphragm pacing (DP).1 An epide-
miologic survey of 196 patients with CCHS showed that 
approximately 18% of patients used DP for assisted 
ventilation.2 Although patients can be successfully venti-
lated by DP without a tracheostomy,3 positional impairment 
of oxygen saturation (SpO2) and end-tidal carbon dioxide 
(PETCO2) levels are reported by some patients with CCHS 
and their caregivers using DP during sleep. Obstructive sleep 
apnea (OSA) can occur in patients with CCHS ventilated 
by DP without a tracheostomy, leading to impairment in 
gas exchange that can be alleviated by decreasing DP am-
plitude settings.4,5
We report a 9-year-old girl with CCHS ventilated by 
DP without a tracheostomy who had positional impair-
ment of gas exchange without associated OSA that 
was alleviated by increasing the DP amplitude settings 
during polysomnography.
slept in both supine and lateral positions without positional
variation or OSA occurring in both REM and NREM sleep.
DISCUSSION
We present the case of a 9-year-old girl with CCHS using DP
without tracheostomy during sleep with hypoxemia and hy-
percapnia related to positional changes of the body requiring
frequent adjustment of DP settings at home. Polysomnography
with titration of DP settings identified intermittent hypoxemia
andhypercapnia in the left decubitus position thatwas alleviated
by increasing theDPamplitude settingswithoutOSAoccurring.
All patients with CCHS require assisted ventilation for life,
at least during sleep, that can be delivered by PPV via tra-
cheostomy, NIPPV, and/or DP. DP generates respiration using
the patient’s own diaphragm as the respiratory pump by elec-
trical stimulation of the phrenic nerves. The components of DP
Figure 1—Polysomnogram with titration of diaphragm pacer setting showing positional variation in gas exchange alleviated by
increasing the amplitude settings.
The red line represents the time point at which diaphragm pacer amplitude settings were increased to 2.82 V on the right and 2.5 V on the left. L = light,
REM = rapid eye movement, SpO2 = oxygen saturation.
(31st percentile), body mass index of 16.1 kg/m2 (40th 
percentile), and no tonsils.
Overnight polysomnography was performed to titrate DP 
settings (Figure 1). The amplitude settings were progres-
sively increased due to sleep-related hypoxemia and hypo-
ventilation in both supine and lateral positions. On settings of 
rate 16/min, right amplitude 2.72 V and left amplitude 2.4 V, 
the average SpO2 and PETCO2 were 97% and 35 mmHg, re-
spectively, in the supine position. However, once in the left 
decubitus position, settings were insufficient, exemplified by 
intermittent hypoxemia (SpO2 nadir 92%) and hypoventila-
tion (PETCO2 52 mmHg) without OSA requiring further in-
crease in the amplitude settings. Amplitude settings were 
titrated up to 2.82 V on the right and 2.5 V on the left. A total 
of 90 minutes of sleep were captured on these settings, demon-
strating adequate oxygenation (SpO2 97% to 100% [nadir 96%]) 
and ventilation (PETCO2 30–38 mmHg [maximum 40 mmHg]). 
There were no episodes of apneas or hypopneas. Our patient
excursion due to gravitational effects of body weight and shift
of the abdominal contents. We speculate this led to impaired
oxygenation and ventilation in the lateral decubitus position
thatwas subsequently alleviated by increasing theDPamplitude
settings. With polysomnography, we could identify the setting
at which positional variation still occurred on DP and then
increase the amplitude setting further to alleviate positional
impairment of gas exchange. Hence, clinicians should not as-
sume that supinepositionduring sleep leads tomost impairment in
gas exchange, and that clinicians should listen to families when
they report findings that seem unlikely and investigate further.
Because our patient spent limited sleep time on the final dia-
phragm pacer settings, a follow-up polysomnogram has been
recommended.AdjustmentofDPsettings shouldnotbedelegated
to the caregivers due to the risk of hypoxemia, hypoventilation,
and/or OSA. Because there may be a risk for potential damage to
the phrenic nerves with excessive DP setting, optimal settings
are best studied in the sleep laboratory during polysomnography.
In summary, we report a case of CCHS with impairment of
SpO2 and PETCO2 related to positional changes of the body
during DP. Our case highlights the utility of polysomnography
to obtain optimal DP settings in patients with CCHS not only
to ensure that OSA does not occur, but also to ensure that DP
settings allow for adequate oxygenation and ventilation in a
variety of sleep positions.
ABBREVIATIONS
CCHS, congenital central hypoventilation syndrome
DP, diaphragm pacing
NIPPV, noninvasive positive pressure ventilation
NREM, non-rapid eye movement
OSA, obstructive sleep apnea
PETCO2, end-tidal carbon dioxide
PPV, positive pressure ventilation
REM, rapid eye movement
SpO2, oxygen saturation
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system include: (1) electrodes that are surgically implanted 
on the phrenic nerves bilaterally; (2) receivers that are sub-
cutaneously implanted bilaterally in the chest or abdomen;
(3) antennae that are taped on the skin over the subcutaneous 
receivers when pacing; and (4) a battery-operated external 
transmitter. The transmitter generates a train of pulses trans-
mitted through the antennae to the subcutaneous receivers. The 
receivers convert the radiofrequency signal into an electrical 
current that is conducted to the phrenic nerve electrodes, which 
leads to contraction of the diaphragm. Diaphragm contraction 
and tidal volume are proportional to the amount of electrical 
voltage delivered to the phrenic nerve electrodes, which can 
be controlled by the amplitude settings on the transmitter.6,7 DP 
allows patients with CCHS who are full-time ventilator dependent 
to be free of PPV via tracheostomy during the day, allowing more 
mobility and permitting tracheostomy decannulation in those re-
quiring ventilator support only during sleep, as seen in our patient.3
Patients with CCHS ventilated by DP are at risk for OSA, 
which may contribute to gas exchange abnormalities.4,5 During 
normal inspiration, the respiratory center coordinates synchro-
nized contraction of the diaphragm and upper airway skeletal 
muscle to maintain a patent upper airway. However, during DP, 
this synchronous contraction is bypassed, predisposing the upper 
airway to collapse due to the negative intrathoracic pressure 
generated by diaphragm contraction leading to OSA in some 
patients.4,5 When our patient presented with hypoxemia and 
hypercapnia related to positional changes of the body during sleep, 
it was uncertain if this was caused by inadequate diaphragm con-
traction from low DP amplitude settings or due to OSA. Perfor-
mance of polysomnography allowed us to discern the etiology for 
impaired gas exchange and institute the correct intervention.
Positional impairment in SpO2 and PETCO2 during DP has 
been reported in obesity and is attributed to an increased distance 
between the antenna and receiver by adipose tissue affecting 
signal transmission.3 Our patient had positional variation despite 
being thin. In healthy individuals, the vital capacity may 
decrease by 7.5% to 19% from the seated to supine position 
attributed to gravitational shifts of the abdominal contents that 
displace the diaphragm cephalad, limiting pulmonary expansion 
and mechanical disadvantage of intercostal muscles in the supine 
position.8,9 Our patient had adequate ventilation in the supine 
position; however, there was impaired SpO2 and PETCO2 in the 
left decubitus position on the same settings without OSA.
The potential causes for positional variation in gas exchange 
during DP can be broadly divided into two categories—intrinsic 
(inherent characteristic of the patient) and extrinsic causes. 
Intrinsic etiologies include obesity, OSA, mobility of the 
receiver in the subcutaneous pocket affecting signal trans-
mission, and diaphragm mechanics in different body posi-
tions. Extrinsic etiologies include a poorly secured antenna 
over the subcutaneous receiver leading to inadequate contact 
affecting signal transmission, suboptimal DP settings, and 
device malfunction. In the lateral decubitus position, the depen-
dent lung has greater perfusion, but lesser ventilation compared 
to the nondependent lung, leading to unequal tidal volume 
distribution.10 In our patient, the exact mechanism for im-
paired gas exchange in the left decubitus position remains 
uncertain. The dependent diaphragm may experience reduced
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1985;79(3):267–271.
9. Minami T, Manzoor K, McCool FD. Assessing diaphragm function in
chest wall and neuromuscular diseases. Clin Chest Med. 2018;39(2):335–344.
10. Kowalczyk M, Sawulski S, Dabrowski W, et al. Successful 1:1 proportion
ventilation with a unique device for independent lung ventilation using a double-
lumen tube without complications in the supine and lateral decubitus positions.
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